guidelines for applying the procedures. The scope was limited to riverine areas and did not 10 include coastal areas.
11
Two practical strategies emerged from the analyses. One is a strategy for determining a 12 set of exceedance probability combinations associated with the desired joint probability for 13 design based on copulas. The second is a series of conditional probability matrices for use in the 14 total probability method. Only the copula strategy is addressed in this paper.
15
The Gumbel-Hougaard copula method performed better than the other three methods.
16
Therefore, it is the recommended bivariate method. However, the designer is not required to have 17 a background in statistics because the guidance has been transformed to a series of tables. An 18 example application of the copula-based procedure is included in the paper.
INTRODUCTION

20
The joint probability question arises when a structure is located where the hydraulic 21 behavior of some combination of the main stem and tributary may result in critical hydraulic 22 design conditions. Specifically, there is a portion of the tributary stream that is influenced by the 23 discharge of the tributary stream and the backwater caused by the main stem stream. This is 24 referred to as the influence reach. The location of the structure within the influence reach, as well 25 as the joint hydrologic behavior of the confluent streams, will determine the importance of the 26 confluent streams on the appropriate design conditions for the structure.
27
The definition of influence reach and three variations of relative importance of the design 28 location -A) structure very close to the confluence; B) structure some distance, x, from the 29 confluence; and C) structure beyond the influence reach -are illustrated in Figure 1 
46
Case C: x/X max >1. Stage is only a function of the tributary flow. 
57
For Case C, the structure is outside of the influence reach and is not representative of the 58 joint probability problem so there will be no further discussion of this case.
59
This research addresses the joint probability of Q T and Q M as shown in Figure 2 . This is Characteristic of the exceedance probability isoline is that all points on the line have the 66 same joint exceedance probability. However, a designer will apply estimated discharges to 67 determine an appropriate water surface elevation or velocity to consider in the design. Although 68 several combinations of discharge pairs may have the same exceedance probability, the one that 69 should be used for design will depend on the site location within the influence reach. 
76
Earlier assessments of joint probability focused on characterization of the issues (1). The 77 theoretical foundation for joint probability and a practical application using copulas are briefly 78 described in this paper. 
99
The foundation of the analyses was the daily data, primarily because the instantaneous 100 data records were not available across the country and the record lengths were too short, in most 
115
Several approaches were taken to evaluate the validity of using daily data. One approach 116 was to correlate the annual peak series data from instantaneous data with the annual peak series 117 data from mean daily data. The instantaneous annual peak series data is the traditional series 118 prepared by the USGS. The annual peak series from mean daily data were derived from the daily 
144
The Gumbel-Hougaard and Frank copulas were examined in detail for addressing the 145 joint probability problem. As is described later, the Gumbel-Hougaard was ultimately selected 146 because it fit the gage pair data best. The Gumbel-Hougaard copula is described as follows (3): 
162
FIGURE 6 10-percent Nonexceedance Probability for Gage Pair 06. 163
The Gumbel-Hougaard copula was recommended for use based on evaluation of the fit to 164 observed data in the 85 gage pair database. The root mean squared error (RMSE) was adopted to 165 compare the four strategies. Because the focus on this study is on the extreme events, only the 166 events with a probability of exceedance less than 0.5 were considered for this exercise.
167
The RMSE results are summarized in Table 1 
176
For both the POM and POT datasets, the Gumbel-Hougaard copula results in the lowest 177 average error of the four strategies, indicating the best fit. The same result is observed for the 178 median and minimum errors. For the maximum error, the table reports that the bivariate Gumbel 179 is the lowest for both the POM and POT datasets followed by the Gumbel-Hougaard. However,
180
by inspection of the data it is revealed that the one RMSE error (gage pair 48) is the largest for 181 the Gumbel-Hougaard method, but is undefined for the bivariate Gumbel method because the 182 Pearson's ρ is greater than two-thirds. Therefore, the RMSE analyses show that the Gumbel- between watershed centroids, mean annual precipitation, and 2-yr/24-h precipitation.
193
Another strategy for developing relations between watershed and meteorological 194 characteristics and Kendall's τ was to group data with common characteristics. After evaluating 195 the performance of the regression and the grouping strategies, the latter approach was adopted.
196
The recommended grouping approach for estimating Kendall's τ is summarized in Table   197 2. Watershed pairs were divided into one of four groups based on the drainage area ratio, R A , and 
201
The designer also chooses to use either the Best-fit or Envelope method. The best-fit
202
Kendall's τ in a group is the mean value of the group. The designer would choose this value in 203 most cases. Alternatively, the envelope Kendall's τ is the 90 th percentile value from the group.
204
The designer would choose this value when a more conservative selection is appropriate, perhaps 205 because of the greater downside of failure in a particular situation. Table 5) The typical return period estimates of discharge are summarized in 
206
272
The proposed methodology based on copulas is a straightforward method to estimate the 273 joint probability of confluent flows. It is based on a nationwide dataset of flow data.
274
